Data can be found at <https://doi.org/10.6084/m9.figshare.9777722.v1>.

Introduction {#sec001}
============

The extent to which children are able to subjectively trust in primary caregivers as a resource to rely upon when experiencing distress has an important impact on developmental outcomes in several domains such as psychopathology, academic success, social competence, and general health \[[@pone.0225934.ref001]--[@pone.0225934.ref003]\]. Consequently, understanding how trust develops has traditionally been of critical interest. Trust development has been most consistently studied in the context of attachment research that considers trust as a hallmark of secure attachment \[[@pone.0225934.ref004]\]. It has been suggested that trust develops when caregivers are consistently sensitive and responsive \[[@pone.0225934.ref005], [@pone.0225934.ref006]\]. However, this research has been limited to cross-sectional and longitudinal studies testing the correlations between broadband measures of sensitive parenting and attachment. As a result, little is known about the specific mechanisms that explain trust development in day to day or moment to moment interactions. Broadband studies on parenting and attachment have been unable to explain the majority of the variance in attachment \[[@pone.0225934.ref006]\], for which little robust explanation exists to date \[[@pone.0225934.ref007], [@pone.0225934.ref008]\]. Therefore, the current study aimed to experimentally investigate the development of subjective trust at a more micro-process level.

For this purpose, we developed a new research paradigm based on Waters and Waters' \[[@pone.0225934.ref009]\] recent insight that subjective trust is an expectation resulting from a cognitive learning process. Learning research has shown that expectations about neutral stimuli (conditional stimulus, CS) change when the CS gets associated with the occurrence of a second, meaningful stimulus (unconditional stimuli, UCS) that automatically elicits an emotionally relevant response (unconditional response, UCR). Changes in the meaning of the CS can be observed in terms of the acquired expectation (conditional reaction, CR) that the CS will elicit the UCR. This is a classical conditioning learning process \[[@pone.0225934.ref010]\] which has also been described as an expectancy-learning process \[[@pone.0225934.ref011]--[@pone.0225934.ref013]\]. Once the CS elicits certain behavioral responses, those responses may get reinforced through a process of operant conditioning \[[@pone.0225934.ref014]\]. A discriminative stimulus (Sd) increases the likelihood of certain behaviors (R) that have in the past resulted in positive effects, which further reinforce the behavior (Sr).

The idea that learning theory could explain at least a part of attachment development, has traditionally been focus of fierce debate \[[@pone.0225934.ref015]\]. When developing his attachment theory, Bowlby was in a difficult position. On the one hand he wanted to emphasise that attachment is an evolutionarily primed behavior system, not reducible to classical or operant conditioning \[[@pone.0225934.ref016]\]. On the other hand, he also held that the attachment behavioral system is assembled and elaborated in the context of learned experiences \[[@pone.0225934.ref017]\]. Nevertheless, he mostly left the topic alone. Later, attachment researchers mostly demonstrated that children develop their attachment relationships independent of the quality of care, interpreting this finding as evidence that the attachment behavioral system is an evolutionary driven system that requires no learning experiences to be established \[[@pone.0225934.ref015], [@pone.0225934.ref018]\].

More recently, researchers started to argue that this biological preparedness of infants to establish attachment relationships with caregivers does not fully explain why individual differences in children's expectations or trust about caregivers' availability for support develop \[[@pone.0225934.ref008]\]. One thus far understudied possibility could be that learning models might be a helpful addition to attachment theory to explain attachment-related differences that are not innate \[[@pone.0225934.ref019]\], such as secondary (anxious, avoidant, and secure) attachment styles \[[@pone.0225934.ref020]\]. Recent literature argues in a similar way that adult attachment development reflects a conditioning process \[[@pone.0225934.ref021]--[@pone.0225934.ref023]\]. Focusing on childhood attachment, Bosmans \[[@pone.0225934.ref024]\] proposed that children learn to trust (CR) in a responsive primary caregiver like the mother (CS) when the mother gets associated with the repeated experience that she provides successful support during distress (UCS), which is automatically followed by a sense of relief and a sense of security (UCR). At the level of operant conditioning, it has been proposed that trust versus lack of trust in support during distress (Sd) increases or decreases the likelihood that children will seek support (R) during distress. More versus less support seeking is respectively reinforced by the fact that sensitive caregivers help to solve problems more easily or by the fact children avoid experiencing the anticipated negative effects of rejection or inadequate support \[[@pone.0225934.ref024]\]. In sum, the current study builds on the idea that the processes of the attachment system are innate, but that attachment styles are (at least partly) shaped by learning.

One advantage of applying learning theory to subjective trust development, is that it allows formulating very specific research questions and testing concrete hypotheses about the mechanisms underlying trust development. In the current study, we focused specifically on the role of contingency. Contingency is considered a central mechanism in conditioning that refers to the relative probability that an US occurs in the presence of a CS \[[@pone.0225934.ref013], [@pone.0225934.ref025]\]. One straightforward prediction drawn from learning theory, is that higher contingency between a CS and a positive UCS is linked to a more positive expectation about that stimulus. Applied to the development of subjective trust, contingency would refer to the percentage of the occasions (or single learning events) during which children have a problem in which mothers help to solve that problem.

The idea of contingency can be linked to the concept of sensitive caregiving. Sensitivity refers to a caregiver's ability to detect children's needs and to respond to them promptly and adequately \[[@pone.0225934.ref026], [@pone.0225934.ref027]\]. Consistent sensitive care has robustly been shown to be an important predictor of trust development \[[@pone.0225934.ref005]\]. However, there is a general consensus that qualitative differences in sensitive parenting do not organize along good versus bad caregiving categories. Instead it has been theoretically argued that parents need to be "good enough" \[[@pone.0225934.ref028]\]. Although the concept of good enough mothering has been generally accepted, little is known *when* or *how much* sensitive parenting is good enough to significantly increase subjective trust and to stimulate help seeking behavior. In addition, little is known about how changes in sensitive parenting over time (from more to less sensitive parenting and vice versa) affect children's trust development. These are questions that can be approached from a conditioning perspective and that can be further tested by manipulating the contingency or success of a caregiver's help.

The current study aimed to provide proof of concept for the idea that contingency could explain part of the variance in the development of trust (Research Question 1) and in the development of support seeking (Research Question 2) and for the idea that questions regarding the definition of good enough mothering and regarding the dynamics of (in)stability of trust over time can in theory be explained by contingency-related effects (Research Question 3). To this aim, we developed a new paradigm in which participants are introduced to a new caregiver and in which participants have to solve a challenging task. The paradigm consists of two phases. In the learning phase, participants always get advice from the new caregiver to help solve the task. In the test phase, participants need to decide whether or not to ask the caregiver for help. During each phase, we can manipulate the contingency of caregiver support, ranging from 100% (the caregiver is always helpful) to 0% (the caregiver is always unhelpful). A 50% contingent caregiver is unpredictable (half of the time the caregiver is helpful; half of the time the caregiver is not helpful). To test the effect of the contingency manipulation, at baseline, after the learning phase, and after the test phase, we can measure participants' trust in the novel caregiver's support.

Although this approach will not straightforwardly translate to the complex interactions with a real attachment figure during critical timepoints in individuals' lives, the approach has the advantage that we can identify the role of contingency controlling for the impact of prior learning experiences with those real attachment figures. This way, we can experimentally test whether differences in contingency affect trust and test how changes in contingency from the learning to the test phase are linked to changes in trust. Finally, we can measure participants' inclination to seek the caregiver's help during the test phase, as a proxy of participants' support seeking behavior.

In sum, in three studies we investigated the following questions: (1) does higher contingency in terms of successful support by a caregiver lead to increased trust, and (2) to more help seeking behavior, and (3) does change in contingency affect trust and help seeking behavior.

Study 1 {#sec002}
=======

We first piloted the paradigm in adults. To test research question 1 that higher contingency is linked with higher trust, participants were randomly assigned to either a 100%, 70%, or a 50% contingent caregiver in the learning phase. This manipulation additionally allowed to test whether 70% learning phase contingency was already "good enough" to promote trust. To test research question 2 that higher contingency affects help seeking behavior, we looked at the first five trials of the test phase to see whether higher learning phase was linked to more help-seeking behavior. To test research question 3 that change in contingency has subsequent effect on trust and help seeking behavior, in the test phase, if participants chose to ask the caregiver's help, contingency was 100%.

Participants and procedure {#sec003}
--------------------------

In this pilot study, 30 adults participated (*M*age = 28.53; *SD*age = 8.05; 21 males). Adults were randomly assigned to the conditions: 8 in the 50% contingency condition, 7 in the 70% contingency condition, and 6 in the 100% contingency condition. Participants were fully informed about the goal and content of the experiment and only participated after they gave written consent. This procedure was approved by the Social and Societaly Ethics Commission of the KU Leuven (Belgium).

To manipulate contingency, we designed a challenging task during which participants get help from a caregiver. The task was based on the hungry donkey task \[[@pone.0225934.ref029]\], which is often used in the study of hot cognitive processes. Thus, the task is known to elicit sufficient levels of distress \[[@pone.0225934.ref030]\]. During this task, participants have to seek food (apples) to feed a hungry donkey. In the current paradigm, apples are hidden behind four closed doors ([Fig 1b](#pone.0225934.g001){ref-type="fig"}). Behind each door, a predetermined number of green or red apples were present. During each trial, one door hid five green apples, one door hid one green apple, one door hid five red apples, and one door hid one red apple ([Fig 1c](#pone.0225934.g001){ref-type="fig"}). The position of these apples (i.e., the door behind which the green and red apples were hidden) was randomized across trials. When participants chose a door hiding green apples, the number of green apples was added to their score. In contrast, when a door hiding red apples was chosen, the number of red apples was subtracted from their score.

![Trial presentation.](pone.0225934.g001){#pone.0225934.g001}

We constructed two phases in the hungry donkey task. First, we designed a learning phase. We introduced an unfamiliar caregiver, an avatar, that gave advice on which door to open. Participants were free to follow the advice or not. Once a door was chosen, all doors were opened to show how the apples were distributed during that specific trial ([Fig 1c](#pone.0225934.g001){ref-type="fig"}). A total score was registered in the upper left corner of the screen and participants' total score was tracked on a separate scale (the hunger scale). Once participants reached 20 points on the hunger scale, a screen thanked participants for feeding the donkey stimulating them to continue in the same manner ([Fig 1d](#pone.0225934.g001){ref-type="fig"}). The learning phase consistend of 10 trials, based on research showing that this is the adequate number of trials to manipulate contingency in experimental designs \[[@pone.0225934.ref031]\]. Afterwards, the hunger meter was reset to zero and participants recommenced. This learning phase allowed us to manipulate contingency in terms of likelihood that the advice of the caregiver was helpful. Participants were assigned to one of three contingency conditions: 50%, 70%, and 100% contingency. The order in which the caregiver presented correct or incorrect advice was randomized. When the advice was correct, the caregiver suggested the door hiding five green apples. When the advice was incorrect, the caregiver would suggest the door hiding five red apples. After completing the learning trials, participants were asked to rate their level of trust in the caregiver ([Fig 1a](#pone.0225934.g001){ref-type="fig"}).

Second, we designed a test phase, consisting of 20 trials. During this phase, the caregiver was not automatically present. In contrast, participants had to decide whether to call the caregiver using a button in the center of the screen ([Fig 1e](#pone.0225934.g001){ref-type="fig"}). Before the start of the trials, participants were reminded this caregiver would provide advice on which door to choose, but also that this advice could be incorrect. They were instructed that they could choose whether to call the caregiver, and whether they would follow the caregiver's advice ([Fig 1f](#pone.0225934.g001){ref-type="fig"}). The caregiver's appearance was identical to the learning phase. However, in contrast to the learning phase and unbeknownst to the participants, the caregiver in the first testing phase was correct 100% of the trials, regardless of the participants' assigned learning phase condition. Again, after completing the trials, participants were asked to rate their level of trust in the caregiver ([Fig 1a](#pone.0225934.g001){ref-type="fig"}).

Results and discussion {#sec004}
----------------------

### Is higher contingency related to increased trust? {#sec005}

We conducted a one-way ANOVA with condition (50%, 70%, or 100% learning phase contingency) as independent variable and post learning phase trust as dependent variable, followed by Bonferroni post-hoc tests. [Table 1](#pone.0225934.t001){ref-type="table"} shows that after the learning phase, levels of trust were significantly higher in the higher learning phase contingency conditions (70 vs 50: mean difference = 2.60, 95% CI = \[0.69, 4.51\], *p* \< .01, Cohen's *d* = 1.29; 100 vs 50: mean difference = 6.70, 95% CI = \[4.79, 8.61\], *p* \< .001, Cohen's *d* = 4.93; 100 vs 70: mean difference = 4.10, 95% CI = \[2.19, 6.01\], *p* \< .001, Cohen's *d* = 2.60). The significant difference between the 70% and 100% contingency conditions suggested that 70% contingency was not yet good enough to increase trust.

10.1371/journal.pone.0225934.t001

###### Means, Standarddeviations, One-Way ANOVA's and paired-samples *t*-tests for Study 1.

![](pone.0225934.t001){#pone.0225934.t001g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
             Trust 1                                          Trust 2                                         \% of trials in which participant asked for help                                                                                                                                                                                                                     
  ---------- ------------------------------------------------ ----------------------------------------------- -------------------------------------------------- --------------------------------------------- ------------------ ------------------ ------------------------------------------- --------------------------------------------- ------ ------ ------ ------ ------- ------
  50         2.90                                             1.85                                            4.90                                               3.87                                          1.10               1.45               2.60                                        2.12 [^b^](#t001fn003){ref-type="table-fn"}   2.20   2.20   2.50   2.27   8.40    7.38

  70         5.50                                             2.17                                            8.00                                               2.16 [^a^](#t001fn002){ref-type="table-fn"}   2.90               1.97               3.80                                        1.75 [^b^](#t001fn003){ref-type="table-fn"}   3.70   1.83   3.80   1.81   14.20   6.89

  100        9.60                                             0.52                                            9.80                                               0.42                                          4.40               1.08               4.60                                        1.26                                          4.10   1.73   4.40   1.27   17.50   4.48

  F(2,27)    40.64[\*\*\*](#t001fn004){ref-type="table-fn"}   9.29[\*\*\*](#t001fn004){ref-type="table-fn"}   11.48[\*\*\*](#t001fn004){ref-type="table-fn"}     3.32, *p* = .051                              2.69, *p* = .086   2.81, *p* = .078   5.22[\*](#t001fn005){ref-type="table-fn"}                                                                                     

  Post-hoc   50 \< 70 \< 100                                  50 \< 70 \< 100                                 50 \< 70 = 100                                     50 = 70 = 100\                                50 = 70 = 100      50 = 70 = 100      50 = 70 = 100\                                                                                                                
                                                                                                                                                                 50 \< 100                                                                           50 \< 100                                                                                                                     
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Trust 1 = Trust after the Learning phase; Trust 2 = Trust after the test phase. Paired samples *t*-tests within condition comparing adjacent measurement points:

^a^ p \< .01,

^b^ p \< .05

\*\*\* *p* \< .001;

\* *p* \< .05.

### Is higher contingency related to more help seeking behavior? {#sec006}

We conducted a one-way ANOVA with condition (50%, 70%, or 100% learning phase contingency) as independent variable and help seeking in the first five test phase trials as dependent variable, followed by Bonferroni post-hoc tests. [Table 1](#pone.0225934.t001){ref-type="table"} shows that the manipulation had an effect on the total amount of times participants pressed the button to call the caregiver during the first five test trials. Participants from the 50% learning phase condition sought significantly less help than participants from the 70% and 100% learning phase (70 vs 50: mean difference = 1.80, 95% CI = \[0.04, 3.56\], *p* \< .05, Cohen's *d* = 1.04; 100 vs 50: mean difference = 3.30, 95% CI = \[1.54, 5.06\], *p* \< .001, Cohen's *d* = 2.58). Participants from the 70% and 100% learning phase conditions were as likely to seek help in the test phase. (100 vs 70: mean difference = 1.50, 95% CI = \[-0.26, 3.26\], *p* = .116, Cohen's *d* = 0.94).

### Does change in contingency affect trust and help seeking behavior? {#sec007}

First, with regard to trust, we conducted a one-way ANOVA with condition (50%, 70%, or 100% learning phase contingency) as independent variable and trust after the test phase as dependent variable, followed by Bonferroni post-hoc tests. [Table 1](#pone.0225934.t001){ref-type="table"} shows that the initial learning phase condition effects remained significant with lower contingency being related to lower levels of trust (70 vs 50: mean difference = 3.10, 95% CI = \[0.17, 6.04\], *p* = .036, Cohen's *d* = 0.99; 100 vs 50: mean difference = 4.90, 95% CI = \[1.97, 7.84\], *p* \< .001, Cohen's *d* = 1.78; 100 vs 70: mean difference = 1.80, 95% CI = \[-1.14, 4.74\], *p* = .387, Cohen's *d* = 1.16). Moreover, paired samples t-tests within each learning phase condition showed that only the 70% learning phase condition participants' trust significantly improved after experiencing a 100% contingent caregiver in the test phase (mean difference = -2.50, 95% CI = \[-3.63, -1.37\], *t*(9) = -5.00, *p* \< .001, Cohen's *d* = -1.15). This catch-up resulted in levels of trust comparable to the 100% learning condition participants. Instead, the 50% learning condition participants did not significantly benefit from the altered learning experiences (mean difference = -2.00, 95% CI = \[-5.07, 1.07\], *t*(9) = -1.47, *p* = .175, Cohen's *d* = 0.65). This suggests in adult participants that initial contingency effects had a lasting influence in trust development, even after exposure to a novel, improved experience.

Second, with regard to help seeking behavior, we conducted a one-way ANOVA with learning phase condition as independent variable and calling behavior in each of the three last blocks of test trials and the total trials. [Table 1](#pone.0225934.t001){ref-type="table"} shows that the learning phase condition effect did not fully reach significance during all subsequent blocks of five trials. Nevertheless, across all 20 trials, the initial learning phase manipulation retained its effect (70 vs 50: mean difference = 5.80, 95% CI = \[-1.48, 13.08\], *p* = .156, Cohen's *d* = 0.81; 100 vs 50: mean difference = 9.10, 95% CI = \[1.82, 16.38\], *p* = .011, Cohen's *d* = 1.49; 100 vs 70: mean difference = 3.30, 95% CI = \[-3.98, 10.58\], *p* = .772, Cohen's *d* = 0.57).. There was a significant increase in help seeking behavior from block 1 to block 2 for the 50% (mean difference = -1.50, 95% CI = \[-2.68, -0.32\], *t*(9) = -2.88, *p* \< .05, Cohen's *d* = -0.83) and 70% (mean difference = -0.90, 95% CI = \[-1.76, -0.04\], *t*(9) = -2.34, *p* \< .05, Cohen's *d* = -0.48) learning phase participants, but in the subsequent blocks their help seeking frequency remained stable. As a result, especially the 50% learning phase participants continued to lag behind the 100% learning phase children with regards to help seeking.

A limitation of the study was that we only measured trust after the manipulation. With a baseline measure, it would be easier to draw conclusions about the causal role of contingency in trust development. Moreover, evidence for contingency effects was needed in younger participants to be more certain that contingency could be a relevant mechanism to understand children's trust development. Study 2 aimed to solve these limitations.

Study 2 {#sec008}
=======

The setup of the second study was largely identical to Study 1, except for three aspects. First, we included a baseline measure of trust in the novel caregiver. Second, the study was conducted in middle childhood. Research suggests that this age-period is characterized by biological changes that facilitate trust learning \[[@pone.0225934.ref032], [@pone.0225934.ref033]\]. Consequently, to evaluate whether contingency is relevant for trust development, contingency effects should also be found in middle childhood. Third, we also administered a measure of children's trust in their mother. Theory suggests that relational experiences with care during distress gradually internalize into a blueprint on which children evaluate first encounters in new relationships \[[@pone.0225934.ref009]\]. This has for example been evidenced for children's relationships with teachers \[[@pone.0225934.ref034]\]. To evaluate the theoretical relevance of the trust in the paradigm's avatar, we tested the correlation between children's trust in their mother's support and children's trust in the paradigm's caregiver at baseline. During the learning phase, Study 1's 50-70-100% contingency conditions were retained. During the test phase, the caregiver was again 100% contingent.

Participants and procedure {#sec009}
--------------------------

The sample (N = 65) consisted of 32 girls (49.2%) and 33 boys (50.8%) between the age of 9 and 12 years old (M = 10.22, SD = 1.05). All children in the sample were Caucasian. Of these children, 55 lived with both biological parents (84.6%), 9 children had parents who were divorced (13.6%), one child's mother was deceased (1.5%), and one child did not respond to the question (1.5%). Excluding one child (1.5%) who did not respond to the question, all children considered their biological mother as their primary attachment figure (98.5%).

Participants were recruited from an elementary school and an out-of-school care facility where children can spend their time while their parents are off to work during summer holiday. Parents were informed about the goal of the study beforehand and asked to sign an informed consent form. Children were only invited to participate after we obtained written consent of the parents. Before the experiment took place, all children were informed about the goals of the study. Children only participated if they gave their written consent. Children were tested in groups. Children were instructed not to talk during the experiment. They were randomly assigned to the three conditions (50% = 22; 70% = 22; 100% = 21). This procedure was approved by the Social and Societaly Ethics Commission of the KU Leuven (Belgium).

Method {#sec010}
------

Children's trust-related expectations of maternal support were assessed using the People In My Life Questionnaire's Trust-subscale (PIML) \[[@pone.0225934.ref035]\]. Expectations of trust are positive affective/cognitive experiences of trust in the accessibility and responsiveness of the attachment figure (10 items; e.g., ''I can count on my mother to help me when I have a problem"). Children are asked to respond to these questions using a 4-point Likert scale, ranging from 1 ("almost never true") to 4 ("almost always true"). Research has demonstrated that the trust-subscale is associated with support seeking behavior \[[@pone.0225934.ref036]\], thus confirming its validity. Higher scores on the Trust-subscale indicate more trust in maternal support. Internal consistency was good (*α* = .86).

Results and discussion {#sec011}
----------------------

### Is higher contingency related to increased trust? {#sec012}

First, we found a small correlation between baseline trust in the novel caregiver and children's trust in maternal support, *r*(62) = .24, *p* = .062. This suggested that the trust studied in the current experimental paradigm might be at least somewhat relevant to understand the development of trust in primary caregivers. Second, we conducted a 2 (Within Subjects: Time: Baseline, Post learning Phase) X 3 (Between Subjects: Condition: 50%, 70%, and 100% learning phase contingency) repeated measures ANOVA on trust. This revealed a significant Time X Condition interaction effect during the learning phase, *F*(2, 60) = 28,50, *p* \< .001, *η*~*p*~^*2*^ = 49. [Table 2](#pone.0225934.t002){ref-type="table"} shows that contingency differences caused significant differences between all three conditions with higher contingency being linked to more trust after the learning phase (70 vs 50: mean difference = 1.36, 95% CI = \[0.001, 2.73\], *p* \< .05, Cohen's *d* = 0.66; 100 vs 50: mean difference = 5.00, 95% CI = \[3.62, 6.38\], *p* \< .001, Cohen's *d* = 3.43; 100 vs 70: mean difference = 3.64, 95% CI = \[2.26, 5.02\], *p* \< .001, Cohen's *d* = 1.92). Moreover, paired-samples t-tests showed in the 50% contingency condition a significant drop in trust during the learning phase (mean difference = 2.36, 95% CI = \[1.34, -3.38\], *t*(21) = 4.82, *p* \< .001, Cohen's *d* = 1.48). In the 70% condition, the manipulation did not lead to an increase in trust during the learning phase. At best, there seemed to have been a trend towards a drop in trust during the learning phase (70% learning phase: mean difference = 1.38, 95% CI = \[-0.10, 2.86\], *t*(20) = 1.95, *p* = .066, Cohen's *d* = 0.64). In the 100% condition, there was a significant increase in trust during the learning phase (mean difference = -3.10, 95% CI = \[-3.83, -2.37\], *t*(19) = -8.93, *p* \< .001, Cohen's *d* = -2.82). Like in Study 1, this suggests that trust development depended on the contingency of success in provided care and that trust development in the current paradigm required more than 70% contingent caregivers.

10.1371/journal.pone.0225934.t002

###### Means, Standarddeviations, One-Way ANOVA's and paired-samples *t*-tests for Study 2.

![](pone.0225934.t002){#pone.0225934.t002g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
             Trust 1         Trust 2                                          Trust 3                                       \% of trials in which participant asked for help                                                                                                                                                                                                                                                   
  ---------- --------------- ------------------------------------------------ --------------------------------------------- -------------------------------------------------- -------------------------------------------- --------------------------------------------- --------------- -------------------------------------------- ------ -------------------------------------------- ------ ------ ------ ------ ------- ------
  50         6.36            1.50                                             4.00                                          1.69[^a^](#t002fn002){ref-type="table-fn"}         6.73                                         2.62 [^a^](#t002fn002){ref-type="table-fn"}   2.91            1.60                                         3.14   1.86                                         3.41   1.99   3.36   2.06   12.82   6.74

  70         6.76            1.79                                             5.36                                          2.40[^b^](#t002fn003){ref-type="table-fn"}         8.00                                         1.69 [^a^](#t002fn002){ref-type="table-fn"}   3.41            1.53                                         3.91   1.57[^b^](#t002fn003){ref-type="table-fn"}   3.82   1.74   4.00   1.66   15.14   5.51

  100        6.00            1.08                                             9.00                                          1.18 [^a^](#t002fn002){ref-type="table-fn"}        9.19                                         2.04                                          4.19            1.21                                         4.24   1.34                                         4.10   1.37   4.10   1.61   16.92   4.49

  F(2,64)    1.35            42.33[\*\*\*](#t002fn004){ref-type="table-fn"}   7.03[\*\*](#t002fn005){ref-type="table-fn"}   4.19[\*](#t002fn006){ref-type="table-fn"}          2.68[^+^](#t002fn007){ref-type="table-fn"}   .86                                           1.07            2.46[^+^](#t002fn007){ref-type="table-fn"}                                                                                           

  Post-hoc   50 = 70 = 100   50 \< 70 \< 100                                  50 = 70 = 100\                                50 = 70 = 100\                                     50 = 70 = 100\                               50 = 70 = 100                                 50 = 70 = 100   50 = 70 = 100\                                                                                                                       
                                                                              50 \< 100                                     50 \< 100                                          50 \< 100^+^                                                                                               50 \< 100^+^                                                                                                                         
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Trust 1 = Trust at Baseline, due to a technical error data was not recorded for this measure, so for this analysis, the degrees of freedom were 2 and 62; Trust 2 = Trust after the Learning phase; Trust 3 = Trust after the test phase. Paired samples *t*-tests within condition comparing adjacent measurement points:

^a^ p \< .001,

^b^ p \< .10

\*\*\* *p* \< .001;

\*\* *p* \< .01;

\* *p* \< .05;

^+^ p \< .1;

### Is higher contingency related to more help seeking behavior? {#sec013}

We conducted a one-way ANOVA with condition (50%, 70%, or 100% learning phase contingency) as independent variable and help seeking in the first five test phase trials as dependent variable, followed by Bonferroni post-hoc tests. [Table 2](#pone.0225934.t002){ref-type="table"} shows that children in the 50% learning phase condition called significantly less for help compared to the 100% learning phase condition children (mean difference = 1.28, 95% CI = \[0.18, 2.38\], *p* \< .05, Cohen's *d* = 0.90). Like in Study 1, the 70% learning phase condition children displayed the same level of help seeking behavior as the 100% children (mean difference = 0.78, 95% CI = \[-0.32, 1.88\], *p* = .254, Cohen's *d* = 0.57).

### Does change in contingency affect trust and help seeking behavior? {#sec014}

First, with regard to trust, a 2 (Within Subjects: Time: Baseline, Post learning Phase) X 3 (Between Subjects: Condition: 50%, 70%, and 100% learning phase contingency) repeated measures ANOVA on trust showed a significant Time X Condition interaction effect during the test phase, *F*(2, 60) = 28,50, *p* \< .001, *η*~*p*~^*2*^ = 49. To probe this effect, we conducted a one-way ANOVA with condition (50%, 70%, or 100% learning phase contingency) as independent variable and trust after the test phase as dependent variable, followed by Bonferroni post-hoc tests. Moreover, we conducted paired samples t-tests within each learning phase condition to test whether trust changed over time. [Table 2](#pone.0225934.t002){ref-type="table"} shows that, after the 100% contingent test phase, trust increased in both the 50% and 70% learning phase conditions (50% learning phase: mean difference = -2.73, 95% CI = \[-3.91, -1.55\], *t*(21) = -4.81, *p* \< .001, Cohen's *d* = -1.24; 70% learning phase: mean difference = -2.64, 95% CI = \[-3.68, -1.59\], *t*(21) = -5.24, *p* \< .001, Cohen's *d* = -1.27). However, while ANOVA showed that the 70% condition statistically caught up with the 100% condition (100 vs 70: mean difference = 1.19, 95% CI = \[-0.43, 2.81\], *p* = .225, Cohen's *d* = 0.64), the 50% condition children still trusted the caregiver significantly less than the 100% condition children mean difference = 2.46, 95% CI = \[0.85, 4.08\], *p* \< .01, Cohen's *d* = 1.05). Like in Study 1, this suggests that improving contingency increased trust, but that prior less contingent care experiences delayed this catch-up.

With regard to help seeking behavior, a one-way ANOVA with learning phase condition as independent variable and calling behavior in each of the three last blocks of test trials and the total trials, showed that the learning phase condition effect was largely erased during trials 6--10 (block 2: 70 vs 50: mean difference = 0.77, 95% CI = \[-0.42, 1.97\], *p* = .348, Cohen's *d* = 0.45; 100 vs 50: mean difference = 1.10, 95% CI = \[-0.11, 2.31\], *p* = .085, Cohen's *d* = 0.68; 100 vs 70: mean difference = 0.33, 95% CI = \[-0.88, 1.54\], *p* = 1.00, Cohen's *d* = 0.23) and was fully erased in the subsequent trials.

Study 3 {#sec015}
=======

Study 3 aimed to test the robustness of the findings in an independent sample of children in middle childhood. Moreover, Study 2 did not reveal which percentage of contingency suffices to increase trust levels increase compared to baseline. Therefore, we included an 80% instead of a 70% contingent condition, to test whether 80% contingency suffices to significantly increase trust. Additionally, a 50% contingent caregiver is unpredictable, but still provides half of the time successful support. A clinically relevant question is whether children's trust can catch up when having good learning experiences with caregivers after prior predictably negative experiences. Therefore, we included a 20% instead of a 50% learning phase condition, followed by a 100% contingent test phase condition. Finally, we were interested to see whether children who learn that caregiving is 100% contingent are more protected against the negative effects of subsequent negative caregiving experiences. Therefore, we manipulated the contingency in the test-phase adding a 20% contingent condition to this phase.

Participants and procedure {#sec016}
--------------------------

A total of 170 children participated (*M*~age~ = 9.58; *SD*~age~ = 1.49; 49.7% boys). Only 14.6% of the children came from divorced families. All children reported trust in their biological mother, except for one child who answered questions on the step-mother. Age and gender were equally distributed over conditions and did not affect results. All participants were recruited from elementary schools. The recruitment, information, consent and administration procedure was equal to Study 2.

Method {#sec017}
------

Trust in maternal support was measured with the PIML. Cronbach's alpha was .78.

Results and discussion {#sec018}
----------------------

### Is higher contingency related to increased trust? {#sec019}

First, baseline trust in the novel caregiver was significantly correlated with trust in maternal support, *r*(170) = .16, *p* = .043. Second, we conducted a 2 (Within Subjects: Time: Baseline, Post learning Phase) X 3 (Between Subjects: Condition: 20%, 80%, and 100% contingency) repeated measures ANOVA on trust. This revealed a significant Time X Condition interaction effect, *F*(2, 167) = 24.13, *p* \< .001, *η*~*p*~^*2*^ = .22. [Table 3](#pone.0225934.t003){ref-type="table"} shows that trust significantly decreased in the 20% condition, (20% learning phase: mean difference = 1.65, 95% CI = \[0.85, 2.45\], *t*(70) = 4.11, *p* \< .001, Cohen's *d* = 0.67), but significantly increased in both the 80% and 100% conditions (80% learning phase: mean difference = -1.23, 95% CI = \[-1.88, -0.58\], *t*(65) = -3.77, *p* \< .001, Cohen's *d* = -0.61; 100% learning phase: mean difference = -2.12, 95% CI = \[-3.10, -1.14\], *t*(32) = -4.40, *p* \< .001, Cohen's *d* = -1.02). Moreover, a one-way ANOVA with condition as independent variable and post learning phase trust as dependent variable, showed there was no trust-difference between the 80% and 100% condition (80 vs 100: mean difference = 1.11, 95% CI = \[-0.16, 2.38\], *p* = .110, Cohen's *d* = 0.47). So, this suggests for the current experimental procedure that contingency needs to be at least 80% to be good enough for trust in the novel caregiver to increase.

10.1371/journal.pone.0225934.t003

###### Means, Standarddeviations, One-Way ANOVA's and paired-samples *t*-tests for Study 3.

![](pone.0225934.t003){#pone.0225934.t003g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
             Trust 1         Trust 2                                                 Trust 3                                       \% of trials in which participant asked for help                                                                                                                                                                                                                                                                                      
  ---------- --------------- ------------------------------------------------ ------ --------------------------------------------- -------------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- ----------------------------------------------- ------ --------------------------------------------- ------ ------ ------ ------ ------- ------
  20         5.31            2.21                                             3.66   2.72 [^a^](#t003fn002){ref-type="table-fn"}   20                                                 3.25                                          2.85                                          1.86                                          1.59                                            1.25   1.56 [^a^](#t003fn002){ref-type="table-fn"}   1.03   1.48   1.33   1.57   5.47    5.17

                                                                                                                                   100                                                6.49                                          3.39 [^a^](#t003fn002){ref-type="table-fn"}   2.37                                          2.02                                            2.60   2.26                                          2.77   2.30   3.06   2.25   10.80   8.03

  80         5.64            1.75                                             6.86   2.17 [^a^](#t003fn002){ref-type="table-fn"}   20                                                 3.82                                          2.49 [^a^](#t003fn002){ref-type="table-fn"}   2.52                                          1.54                                            2.03   1.79                                          1.79   1.67   1.67   1.96   8.00    5.47

                                                                                                                                   100                                                7.94                                          2.60 [^c^](#t003fn004){ref-type="table-fn"}   2.94                                          2.01                                            3.52   1.87 [^b^](#t003fn003){ref-type="table-fn"}   3.58   1.77   3.52   1.95   13.55   7.05

  100        5.85            1.62                                             7.97   2.44 [^a^](#t003fn002){ref-type="table-fn"}   20                                                 3.03                                          2.53 [^a^](#t003fn002){ref-type="table-fn"}   2.76                                          1.89                                            2.79   1.85                                          2.42   2.03   2.79   2.18   10.76   5.85

  F-values   1.00            45.68[\*\*\*](#t003fn005){ref-type="table-fn"}   20     .79                                           2.66, *p* = .075                                   6.79[\*\*](#t003fn006){ref-type="table-fn"}   5.60[\*\*](#t003fn006){ref-type="table-fn"}   5.40[\*\*](#t003fn006){ref-type="table-fn"}   7.98[\*\*\*](#t003fn005){ref-type="table-fn"}                                                                                            

  Post-hoc   20 = 80 = 100   20 \< 80 = 100                                          20 = 80 = 100                                 20 = 80 = 100\                                     20 = 80 = 100\                                20 = 80 = 100\                                20 = 80 \< 100^+^\                            20 = 80 = 100\                                                                                                                           
                                                                                                                                   20 \< 100[^+^](#t003fn007){ref-type="table-fn"}    20 \< 100                                     20 \< 100                                     20 \< 100                                     20 \< 100                                                                                                                                

                                                                              100    3.91, *p* = .05                               1.35                                               3.28, *p* .075                                2.59                                          .80                                           2.23                                                                                                                                     
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Trust 1 = Trust at Baseline; Trust 2 = Trust after the Learning phase; Trust 2 = Trust after the test phase. Paired samples *t*-tests within condition comparing adjacent measurement points:

^a^ p \< .001,

^b^ p \< .01,

^c^ p \< .05

\*\*\* *p* \< .001;

\*\* *p* \< .01;

^+^ p \< .1;

### Is higher contingency related to more help seeking behavior? {#sec020}

We conducted one-way ANOVAs with condition (20%, 80%, or 100% learning phase contingency) as independent variable and help seeking in the first five test phase trials as dependent variable, followed by Bonferroni post-hoc tests. Analyses were conducted for the 100% and 20% contingent test phase conditions separately (see [Table 3](#pone.0225934.t003){ref-type="table"}). For the 100%contingent test phase, there was no significant difference in the amount of times children called for help when comparing the 20% and 80% learning phase contingency conditions (80 vs 20: mean difference = -0.57, 95% CI = \[-1.54, 0.41\], *p* = .250, Cohen's *d* = -0.28). This result seems in line with Study 2 where the 50% and 70% learning phase contingency conditions yielded similar levels of help seeking behavior.

For the 20% contingent test phase, no learning phase manipulation effects reached full significance (100 vs 20: mean difference = 0.90, 95% CI = \[-0.09, 1.88\], *p* = .087, Cohen's *d* = 0.51; 80 vs 20: mean difference = 0.65, 95% CI = \[-0.33, 1.64\], *p* = .327, Cohen's *d* = 0.42; 100 vs 80: mean difference = 0.24, 95% CI = \[-0.76, 1.25\], *p* = 1.00, Cohen's *d* = 0.14). This again provides some indication that prior contingency-related learning experiences might have an immediate impact on help seeking behavior. However, like in Study 2, the results seem less pronounced compared to what we found with the adult participants in Study 1.

### Does change in contingency affect trust and help seeking behavior? {#sec021}

First, with regard to trust, for the 100% contingent test phase children, we conducted a one-way ANOVA with condition (20%, or 80% learning phase contingency) as independent variable and trust after the test phase as dependent variable, followed by Bonferroni post-hoc tests. [Table 3](#pone.0225934.t003){ref-type="table"} shows that, after the 100% contingent test phase, the initial learning phase manipulation effect did not reach significance (80 vs 20: mean difference = -1.45, 95% CI = \[-2.92, 0.02\], *p* = .052, Cohen's *d* = 0.48). Moreover, we conducted paired samples t-tests within each learning phase condition to test whether trust changed over time. During the 100% contingent test phase, trust increased significantly for both the 20% and 80% contingent learning phase condition children (20% learning phase: mean difference = -2.91, 95% CI = \[-4.39, -1.44\], *t*(34) = -4.02, *p* \< .001, Cohen's *d* = -0.95; 80% learning phase: mean difference = -1.30, 95% CI = \[-2.43, -0.17\], *t*(32) = -2.35, *p* \< .05, Cohen's *d* = -0.53; see also [Table 3](#pone.0225934.t003){ref-type="table"}). This again seems to suggest that trust caught up after exposure to more positive experiences, but that more negative prior learning experiences persistently reduced trust levels.

For the 20% contingent test phase condition children, we conducted a one-way ANOVA with condition (20%, 80%, or 100% learning phase contingency) as independent variable and trust after the test phase as dependent variable, followed by Bonferroni post-hoc tests. [Table 3](#pone.0225934.t003){ref-type="table"} shows that, after the 20% contingent test phase, the learning phase effects between the conditions were fully deleted. Moreover, we conducted paired samples t-tests within each learning phase condition to test whether trust changed over time. During the 20% contingent test phase, both the 80% and 100% contingent learning phase condition children sifnificantly lost trust (80% learning phase: mean difference = 3.27, 95% CI = \[2.08, 4.47\], *t*(32) = 5.59, *p* \< .001, Cohen's *d* = 1.43; 100% learning phase: mean difference = 4.94, 95% CI = \[3.50, 6.38\], *t*(32) = 7.00, *p* \< .001, Cohen's *d* = 1.99). These results suggest that negative care-related experiences in our experiment outweighed prior positive learning experiences.

Second, with regard to help seeking behavior, for the 100% contingent test phase children, a one-way ANOVA with learning phase condition (20% versus 80% learning phase condition) as independent variable and calling behavior in each of the three last blocks of test trials and total calling behavior as dependent variables, revealed no effects that reached significance. Paired-samples t-tests showed that the 80% contingent learning phase children showed a significant increase in help-seeking behavior comparing the first with the second block of test trials (80% learning phase: block 1 to 2: mean difference = -0.58, 95% CI = \[-0.98, -0.17\], *t*(32) = -2.89, *p* = .007, Cohen's *d* = -0.30). Furthermore, the difference between the 20% and 80% contingent learning phase children got fully erased in the 100% test phase condition.

For the 20% contingent test phase children, [Table 3](#pone.0225934.t003){ref-type="table"} shows that the 20% contingent learning phase children continued to call significantly less for help compared to the 100% contingent learning phase children (block 2: mean difference = 1.53, 95% CI = \[0.52, 2.55\], *p* \< .01, Cohen's *d* = 0.90; block 3: mean difference = 1.40, 95% CI = \[0.38, 2.42\], *p* \< .01, Cohen's *d* = 0.78; block 4: mean difference = 1.45, 95% CI = \[0.33, 2.58\], *p* \< .01, Cohen's *d* = 0.77; total: mean difference = 5.29, 95% CI = \[2.06, 8.51\], *p* \< .001, Cohen's *d* = 0.96). In addition, the 20% contingent learning phase children's help seeking behavior further dropped significantly from the first to the second block of trials (20% learning phase: block 1 to 2: mean difference = -0.61, 95% CI = \[0.28, 0.94\], *t*(35) = 3.80, *p* \< .001, Cohen's *d* = 0.39). This finding is in line with Ainsworth's observation that children who start to avoid seeking parental support are those children whose parents are consistently absent in their care \[[@pone.0225934.ref026]\].

General discussion {#sec022}
==================

With three independent studies, we aimed to experimentally examine whether trust development can be explored from a conditioning or expectancy-learning perspective and whether trust develops conditional upon contingency in terms of likelihood that a caregiver (Conditional Stimulus, CS) is associated with successful help with a problem (Unconditional Stimulus, UCS). We aimed to investigate whether this theoretical framework could be informative to understand (1) whether higher contingency in terms of successful support by a caregiver leads to increased trust, and (2) to more help seeking behavior, and (3) whether change in contingency affects trust and help seeking behavior. Results were largely in line with the predictions, providing first proof of concept that trust development might be studied from a conditioning perspective. Moreover, at a more detailed level, results suggested that more experimental research on the effects of contingency on trust development could provide new insights in the developmental dynamics underlying trust-related fluctuations, and eventually regarding the development of attachment.

Research Question 1: Does higher contingency lead to more trust? {#sec023}
----------------------------------------------------------------

Across all three studies, we found that level of contingency was related to level of trust. Children who were exposed to a support figure that was more likely to provide successful help developed more trust in that support figure. This finding is in line with the existing broadband research showing that more sensitive and responsive parenting is linked with elevated levels of trust in parental support \[[@pone.0225934.ref005]\], but adds to this research because it provides proof of concept that contingency could at least partly explain the causal mechanism underlying this link and because it suggests that it might be important to account for the relative contribution of single learning experiences across trust development. An important limitation of the current paradigm is that the distress in the task is mild, and that help seeking to solve a distressing problem reflects only a part of the rich complexity of attachment behavior and attachment relationships. In other words, the ecological validity of the findings should be further evaluated. In favor of the paradigm's relevance was the finding that baseline trust in the novel supportive figure was slightly but significantly correlated to trust in the mother in Study 3. However, we need to stay cautious interpreting this correlation, because the effect size in Study 3 was small and because the effect could not be fully replicated in Study 2. So, it is not unlikely that we have not measured exactly the same process as it occurs in real-life attachment relationships. Nevertheless, the robustness of the majority of our findings suggests that more research and similar research with more ecologically valid designs might be critical to further advance attachment theory. In spite of these concerns, one experiment in adults has shown that manipulating the likelihood that an unknown supporter helps avoiding exposure to shocks affects participants' attentional processing and attachment-related appraisals of the supporter \[[@pone.0225934.ref037]\]. Although effects on trust were not measured in this study, it seems reasonable to assume that the manipulation could have affected trust as well. In all, the current studies do suggest that it could be theoretical relevant to conduct more research with these kind of paradigms to understand under which conditions trust develops.

Research Question 2: Does higher contingency lead to more help seeking behavior? {#sec024}
--------------------------------------------------------------------------------

Also across all three studies, we found that contingency was related to help seeking behavior. Children who were exposed to a support figure that was more likely to provide successful help were more likely to call that figure for help. Interestingly, this effect was most explicit in study 1 in which adults were tested. Instead, in studies 2 and 3, children mainly showed this effect when comparing extremes (20%/50% versus 100% learning phase condition children). One reason might be that adults rely on more extensive real-life learning experiences regarding whether or not they can trust a caregiver \[[@pone.0225934.ref038]\]. As a result, adults in our study might have been more motivated to protect themselves from new harm. Instead, children are much more susceptible to positive attachment experiences \[[@pone.0225934.ref039]\] and may have been more motivated to retry to seek help in spite of earlier negative learning experiences.

Research Question 3: Does change in contingency affects trust and help seeking behavior? {#sec025}
----------------------------------------------------------------------------------------

The current proof of concept results suggest that studying contingency effects on trust development might be especially interesting to investigate the effect of changes in the quality of care over time. So far, such research could only be conducted in so-called naturalistic experiments like adoption \[[@pone.0225934.ref040]\]. However, adoption remains rare and the impact of adoption is hard to distinguish from other factors related to child characteristics, pre-adoption experiences, and post-adoption experiences. Like in adoption research, the current findings obtained with our paradigm do suggest substantial catch-up in trust development and support seeking if adverse learning circumstances are followed by more beneficial circumstances \[[@pone.0225934.ref041]\]. The results also suggest that the initial learning effects continued to have an effect even after a more positive learning experience. This raises the hypothesis that prior more negative experiences have a lasting negative impact on trust. Instead, more positive learning experiences seemed quite sensitive to negative changes in the quality of the caregiver's response. Interestingly, these changes seemed to have had a stronger effect at the level of expectations than at the level of behavior. Real life attachment research could test whether, indeed, children are inclined to continue seeking support in spite of a drop of trust. This illustrates how our hypothesis and paradigms like the one we used in the current studies to yield proof of concept could lead to novel developmental hypotheses that can be tested more directly with more naturalistic research paradigms. It would be interesting to find evidence for the counter-intuitive finding that changes in trust are not immediately followed by changes in help seeking behavior.

Limitations {#sec026}
-----------

Although these findings are promising and could shed new light on trust development and even attachment theory, more research is needed to establish the ecological validity of the paradigm's results. More specifically, at this point one could argue that we merely measured learning rates of reward instead of processes related to attachment development. In line with this concern, we cannot rule out the possibility that similar effects could have been found had we instructed the children they were playing with a computer. Thus, it would be premature to argue that the current study contradicts attachment theory's traditional view that attachment is an inborn mechanism that does not require learning processes \[[@pone.0225934.ref018]\]. A next step would be to investigate whehter these findings translate to more naturalistic research. With that regard, it is promising that the current pattern of findings does not contradict existing more broadband attachment research. Also, the paradigm allows more sophisticated manipulations that allow to better understand how trust develops. However, for now, we were mostly interested to evaluate the extent to which the findings converge with existing knowledge and to see whether the manipulations could improve the knowledge-base in this area of research. With that regard, across the three studies, we found important evidence in favor of this theoretical and research-related approach to the phenomenon of trust development.

In spite of these limitations, the current findings are theoretically relevant. In three studies, we found evidence that trust development, and related support-seeking behavior, might be understood from learning theories regarding classical and operant conditioning. More specifically, results suggest that trust might develop as an expectancy-learning process with contingency (likelihood that help is successful) as a fundamental mechanism explaining differences in trust and support seeking. This finding is in line with the increasing awareness that trust development underlies a cognitive learning process resulting in the development of a secure base script \[[@pone.0225934.ref009]\]. This insight could help improve theory about trust development and could help shape interventions aimed at restoring trust in order to remedy the development of emotional and behavioral problems. Through this approach, we might be able to identify for individual children the level of contingency they need to increase their trust in the availability of their caregiver. With such information, it becomes possible to design interventions that promote trust development. For example, we could start creating the circumstances in which contingency of the caregiver is more guaranteed.

Supporting information {#sec027}
======================

###### Dataset Study 1.

(SAV)

###### 

Click here for additional data file.

###### Dataset Study 2.

(SAV)

###### 

Click here for additional data file.

###### Dataset Study 3.

(SAV)

###### 

Click here for additional data file.
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Reviewer \#2: The authors use a learning theory approach, seeking to illuminate the processes by which child-caregiver trust and help seeking develop. Using a task in which adults and children learn reward schedules from a \"caregiver\" the authors measured trust as a function of caregivers who are likely to provide the correct answer at different rates. The study is an interesting possible analogue to these processes and the learning theory account is welcome. I agree with the authors that such a framework is likely to yield specific hypotheses. At the same time, I have feedback the authors may consider:

1\. One concern I have with the paper is that the authors say they are seeking to illuminate the \"underlying developmental mechanism\" of trust and help seeking with caregivers. However, their study can speak very little to these processes. It is unclear whether the results are consistent with reward learning in close relationships, or, alternatively, the authors would have found the exact same results if participants were told they were playing with a computer. The authors seek to capture a process, but only show that trust increases with certain rates of reward and not others, and help seeking is higher in some conditions than others. It is not clear, however, whether what they describe is consistent with the processes of developing trust or seeking help in attachment contexts. Just as much as these data could describe a process somewhat similar to developing trust in close relationships, it could just as easily describe adults and children learning reward rates in a laboratory task.

2\. Similarly, it is possible that learning rates of reward explains these developmental processes, but this ignores the extensive evidence of an attachment system that predisposes children to maintain proximity and use caregivers as a source soothing. I wonder how the authors might reconcile findings from attachment theory with their own approach?

3\. There are times when the discussion (which appears frequently in the results section) seems to get too far from the data and the limitations of the approach. The following two sentences are examples, but not the only instances:

\"So, this was the first evidence suggesting that good enough mothering requires at least 80% contingent care".

\"These results suggest that negative care-related experiences outweigh prior positive learning experiences."

The framework is simply not strong enough to support these claims.

Similarly, the authors found that trust in one\'s caregiver was related to baseline trust in a \"novel caregiver\", though the correlations were low (r = .24 and r = .16) with only one truly significant. These data are not overwhelmingly convincing - I think if we posited the hypothesis that trust within these two contexts was different, we\'d find ourselves with some evidence to suggest that they are. Could the authors provide a more constrained reporting of the meaning of these results?

4\. The authors start the paper seeking to justify their experimental approach. While I understand their desire to point out the limitations of previous research, I wonder if they may go too far with sentences like "Clinically, broadband correlational studies are difficult to translate into concrete therapeutic strategies." I'm not sure that they are, and there are treatments that have been developed based on this research. The authors may want to find another way to introduce their study, particularly because the major limitation of the current study is that ecological validity is decreased by the experimental approach with "new caregivers", which may make it quite difficult to translate these findings into the clinical realm.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0225934.r002

Author response to Decision Letter 0

6 Sep 2019

Responses to the Editor

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming.

We have completely reworked the document to comply with PLOS One\'s style requirements.

2\. We note that you have indicated that data from this study are available upon request. PLOS only allowsdata to be available upon request if there are legal or ethical restrictions on sharing data publicly.

We have prepared the files and uploaded them as Supporting Information Files.

3\. We note that on page 8 it is stated that the screen thanked children for feeding the donkey, yet participants in this part of the study were adults. Please correct and clarify.

Please note that according to our submission guidelines outmoded terms and potentially stigmatizing labels should be changed to more current, acceptable terminology. For example: "Caucasian" should be changed to "white" or "of \[Western\] European descent" (as appropriate).

This phrasing was altered as requested.

4\. Please provide additional details regarding participant consent. Please ensure that the description of each of the experiments performed includes a description of the consent procedures. In the Methods section(s), please ensure that you have specified (1) whether consent was informed and (2) what type you obtained (for instance, written or verbal). Please state whether you obtained consent from parents or guardians for all studies including minors.

In study 1, adults\' written consent was obtained. For both Studies 2 & 3, parent and child written consent was obtained.

5\. Please amend either the title on the online submission form (via Edit Submission) or the title in the manuscript so that they are identical.

This was amended as requested

6\. Please include a title for tables 1-3.

All tables received titles

Responses to the Reviewers

Response to Reviewer \#1:

Overall this is an excellent set of studies that build on each other and present an important methodological approach to applying learning theory to trust development. The data are convincing and the methods are sound. I have a few requests:

We are thankful for this positive evaluation of our paper and grateful for the helpful suggestions thanks to which the paper was substantially strengthened.

1\) The authors should probably refrain from referring to \"marginally significant\" results as this is technically a violation of frequentist statistical approaches from most points of view, although this is an admittedly minor issue.

We agree that it is wiser to be more cautious about valuing marginally significant effects. We thought it was most prudent to remove any discussion of marginally significant effects. Moreover, we no longer refer to marginally significant effects. Instead, where appropriate or necessary for the flow of the story we now more carefully describe that effects did not reach significance.

2)More importantly, it would be useful for the authors to provide both confidence intervals on point estimates and effect size information. This type of information is critical for determining the soundness of the results and understanding the degree of uncertainty with which the effects are estimated.

Following this request, we gave effect size information wherever possible. Moreover, we additionally provided confidence intervals for point estimates. Given the amount of analyses we could discuss, we wanted to keep the results section concise, so for now we decided to provide all the information for all the significant effects and for the non-significant effects that were important to make a theoretical point.

3\) The results are in line with previous findings and theory, but offer important advances in methodology and a first guess as to what \"responsiveness\" or \"good enough\" really means. This type of work is critical for advancing the field\'s knowledge regarding attachment learning and trust development. Overall this manuscript is very well written and provides compelling evidence for the theoretical ideas therein.

We are very grateful for these words of praise!

4\) A final note, similar work in the adult attachment literature has found similar evidence for the same learning theory based approach. The authors may be interested in these articles given the similarity in theory and approach.

Beckes, L. Simons, K., Lewis, D., Le, A., & Edwards, W. L. (2017). Desperately seeking support: Negative reinforcement schedules in the formation of adult attachment associations. Social Psychological and Personality Science, 8, 229-238.

Beckes, L., & Coan, J. A. (2015). The distress-relief dynamic in attachment bonds. In C. Hazan & V. Zayas (Eds.), Bases of Adult Attachment: Linking Brain, Mind, and Behavior (pp. 11-33). New York, NY, US: Springer Science + Business Media.

Beckes, L., Coan, J. A., & Morris, J. P. (2013). Implicit conditioning of faces via the social regulation of emotion: ERP evidence of early attentional biases for security conditioned faces. Psychophysiology, 50, 734-742.

Beckes, L., Simpson, J. A, & Erickson, A. B. (2010). Of snakes and succor: Learning secure attachment associations with novel faces via negative stimulus pairings. Psychological Science, 21, 721 -- 728.

We are very grateful for this suggestion. We do know the work of Lane Beckes and highly appreciate his papers. Because we agree that mentioning this work strenghtenes the paper, we followed this suggestion. We discussed his work at two places in the paper.

First, in the introduction, we were asked by reviewer 2 (comments 1 & 2) to contrast our learning theory model of attachment development with attachment theory\'s traditional criticism on a learning theoretical approach to attachment. In the flow of this argumentation in the introduction, we now mention these papers to make the point that support has been found for such mechanisms in adult attachment research:

p4: More recently, researchers started to argue that this biological preparedness of infants to establish attachment relationships with caregivers does not fully explain why individual differences in children\'s expectations or trust about caregivers\' availability for support develop \[8\]. One thusfar understudied possibility could be that learning models might be a helpful addition to attachment theory to explain these differences \[19\]. Recent literature argues in a similar way that adult attachment development reflects a conditioning process \[20-22\].

Second, in the discussion, we added critique on our paradigm, as we still lack convincing evidence that trust towards the avatar is attachment relevant. Although the Beckes et al., 2017 study did not directly target trust, the theoretical assumption and operationalization is very comparable and the results are also convergent with our studies. So we mentioned the latter paper to strengthen our argument that in spite of the validity of these concerns, our paradigm could still yield useful results.

p27: This all suggests that more research and similar research with more ecologically valid designs is crucial in the future, In spite of these concerns, one experiment in adults has shown that manipulating the likelihood that an unknown supporter helps avoiding exposure to shocks affects participants\' attentional processing and attachment-related appraisals of the supporter \[36\]. Although effects on trust were not measured in this study, it seems reasonable to assume that the manipulation could have affected trust as well.

Responses to Reviewer \#2:

The authors use a learning theory approach, seeking to illuminate the processes by which child-caregiver trust and help seeking develop. Using a task in which adults and children learn reward schedules from a \"caregiver\" the authors measured trust as a function of caregivers who are likely to provide the correct answer at different rates. The study is an interesting possible analogue to these processes and the learning theory account is welcome. I agree with the authors that such a framework is likely to yield specific hypotheses. At the same time, I have feedback the authors may consider:

Thank you for your generous feedback and appreciation of the paper. Using the feedback while revising the paper has significantly improved the manuscript.

1\. One concern I have with the paper is that the authors say they are seeking to illuminate the \"underlying developmental mechanism\" of trust and help seeking with caregivers. However, their study can speak very little to these processes. It is unclear whether the results are consistent with reward learning in close relationships, or, alternatively, the authors would have found the exact same results if participants were told they were playing with a computer. The authors seek to capture a process, but only show that trust increases with certain rates of reward and not others, and help seeking is higher in some conditions than others. It is not clear, however, whether what they describe is consistent with the processes of developing trust or seeking help in attachment contexts. Just as much as these data could describe a process somewhat similar to developing trust in close relationships, it could just as easily describe adults and children learning reward rates in a laboratory task.

We agree that the current design, in spite of its interesting characteristics cannot rule out this alternative interpretation. Therefore, we devoted substantial attention to this issue in the limitations section. We now wrote:

p29: More specifically, at this point one could argue that we merely measured learning rates of reward instead of processes related to attachment development. In line with this concern, we cannot rule out the possibility that similar effects could have been found had we instructed the children they were playing with a computer. Thus, it would be premature to argue that the current study contradicts attachment theory\'s traditional view that attachment is an inborn mechanism that does not require learning processes \[18\]. A next step would be to investigate whehter these findings translate to more naturalistic research. With that regard, it is promising that the current pattern of findings does not contradict existing more broadband attachment research.

2\. Similarly, it is possible that learning rates of reward explains these developmental processes, but this ignores the extensive evidence of an attachment system that predisposes children to maintain proximity and use caregivers as a source soothing. I wonder how the authors might reconcile findings from attachment theory with their own approach?

We agree that this is an important issue that we did not explicitly address in the previous version of the paper. In fact, this refers back to a very old discussion between the more evolutionary view on attachment as proposed by Bowlby and Ainsworth and learning theory like, for example, proposed by for example Gerwitz. This discussion has been settled in a seminal paper from Rajecki, Lamb, and Obmascher (1978). Ever since, it has been accepted that attachment does not develop due to learning experiences.

However, historically, Bowlby has never been fully opposed against the idea that learning processes could partly explain aspects of attachment development. He did not touch this issue in his published work, but he referred to this in his correspondence with colleagues. Thanks to Robbie Duschinsky, we got access to some of these letters and we mentioned them in the new version of the paper.

Moreover, it should be noted that the argumentation of Rajecki et al. refers to why children develop an attachment bond to parents and less to why individual differences in attachment (in)security develop. Recent work increasingly argues that with regard to that issue, learning theory could prove to be an added value. We now describe this debate and this argumentation in the introduction.

p4:

The idea that learning theory could explain at least a part of attachment development, has traditionally been focus of fierce debate \[15\]. When developing his attachment theory, Bowlby was in a difficult position. On the one hand he wanted to emphasise that attachment is an evolutionarily primed behavior system, not reducible to classical or operant conditioning \[16\]. On the other hand, he also held that the attachment behavioral system is assembled and elaborated in the context of learned experiences \[17\]. Nevertheless, he mostly left the topic alone. Later, attachment researchers mostly demonstrated that children develop their attachment relationships independent of the quality of care, interpreting this finding as evidence that the attachment behavioral system is an evolutionary driven system that requires no learning experiences to be established \[15, 18\].

More recently, researchers started to argue that this biological preparedness of infants to establish attachment relationships with caregivers does not fully explain why individual differences in children\'s expectations or trust about caregivers\' availability for support develop \[8\]. One thusfar understudied possibility could be that learning models might be a helpful addition to attachment theory to explain these differences \[19\]. Recent literature argues in a similar way that adult attachment development reflects a conditioning process \[20-22\]. Focusing on childhood attachment, Bosmans \[23\] proposed that children learn to trust (CR) in a responsive primary caregiver like the mother (CS) when the mother gets associated with the repeated experience that she provides successful support during distress (UCS), which is automatically followed by a sense of relief and a sense of security (UCR). At the level of operant conditioning, it has been proposed that trust versus lack of trust in support during distress (Sd) increases or decreases the likelihood that children will seek support (R) during distress. More versus less support seeking is respectively reinforced by the fact that sensitive caregivers help to solve problems more easily or by the fact children avoid experiencing the anticipated negative effects of rejection or inadequate support \[23\].

In addition, we referred back to this discussion in the discussion section:

p29: Thus, it would be premature to argue that the current study contradicts attachment theory\'s traditional view that attachment is an inborn mechanism that does not require learning processes \[18\]. A next step would be to investigate whehter these findings translate to more naturalistic research. With that regard, it is promising that the current pattern of findings does not contradict existing more broadband attachment research.

3\. There are times when the discussion (which appears frequently in the results section) seems to get too far from the data and the limitations of the approach. The following two sentences are examples, but not the only instances:

Overall, we tried to be more careful in phrasing our interpretations. With regard to the specific examples, we made the following changes:

\"So, this was the first evidence suggesting that good enough mothering requires at least 80% contingent care".

We now wrote:

\"So, if this finding could be replicated in more naturalistic research on parent-child interactions, the finding could be used as an argument that good enough mothering might require at least 80% contingent care.\"

\"These results suggest that negative care-related experiences outweigh prior positive learning experiences."

We now wrote:

\"This again seems to suggest that trust catches up after exposure to more positive

experiences, but that more negative prior learning experiences persist reducing trust levels.\"

Similarly, the authors found that trust in one\'s caregiver was related to baseline trust in a \"novel caregiver\", though the correlations were low (r = .24 and r = .16) with only one truly significant. These data are not overwhelmingly convincing - I think if we posited the hypothesis that trust within these two contexts was different, we\'d find ourselves with some evidence to suggest that they are. Could the authors provide a more constrained reporting of the meaning of these results?

We now wrote:

\"However, in favor of the paradigm's relevance was the finding that baseline trust in the novel supportive figure was slightly but significantly correlated to trust in the mother in Study 3. Nevertheless, we need to stay cautious interpreting this correlation, as it could not be fully replicated in Study 2. This might have been due to reduced power, but could also indicate that we created a less relevant experimental context. This all suggests that more research and similar research with more ecologically valid designs is crucial in the future,\"

4\. The authors start the paper seeking to justify their experimental approach. While I understand their desire to point out the limitations of previous research, I wonder if they may go too far with sentences like "Clinically, broadband correlational studies are difficult to translate into concrete therapeutic strategies." I'm not sure that they are, and there are treatments that have been developed based on this research. The authors may want to find another way to introduce their study, particularly because the major limitation of the current study is that ecological validity is decreased by the experimental approach with "new caregivers", which may make it quite difficult to translate these findings into the clinical realm.

We agree with this concern, and when rereading the paper, we felt that the setup of the study did not really require such a clinical argument. Consequently, we decided to drop this sentence from the introduction.
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Dear Dr. Bosmans,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please see the comments below from the Academic Editor.

We would appreciate receiving your revised manuscript by Dec 13 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.
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Thomas M. Olino

Academic Editor
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Additional Editor Comments (if provided):

I have received feedback from both of the original reviewers. You will see that Reviewer 1 is fully satisfied with the revision, but Reviewer 2 continues to have some significant reservations. I concur with the sentiment that the work of integrating learning into attachment research is important. At the same time, there are comments in the manuscript that go beyond the data. Reviewer 2 is very specific in the types of comments for which this is a significant concern.

Please also carefully review the percentage of contingencies through the sections on Study 3. There seem to be inaccuracies in 50 vs. 70 vs. 100 compared to the test contingencies of 20 vs. 80. vs. 100.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Overall I think this is a very important contribution to the attachment literature. Attachment theory needs to be integrated with learning theory. Whereas Bowlby created a compelling overall model of attachment and how it develops, given the paucity of data on neurobiology at the time it inadequately addresses the fundamental mechanisms underlying attachment learning. Although one may argue that the underlying mechanism of attachment is an innate behavioral system, and therefore no standard learning mechanisms can explain attachment dynamics, I believe this is a fundamental error in both reading Bowlby and for the future of attachment theory writ large. Bowlby argues for a goal corrected behavioral system. This implies learning. The mechanisms he uses to explain such learning are based in a perspective of homeostasis that no longer comports with our understanding of physiological regulation. It is clear that learning processes are subserved by general purpose neural systems that function in a manner well characterized by learning theory, and that those systems are critical for the regulation of physiological and psychological needs. Bowlby was working in a time when behaviorists were too narrow minded about the breadth of basic rewards and punishments. They completely ignored the possibility that social contact was a very real need in the same vein as food and water. Moreover, their blank slate view of all animals was unsustainable. As such theorists like Bowlby filled that vacuum with models that did not rely on learning theory based mechanisms. Unfortunately for the field it has taken far too long to reconcile and integrate Bowlby\'s critical contributions with those of the behaviorists and cognitive learning theorists that followed. This is an important step in that direction and I applaud the authors for their creativity and boldness in furthering this integration.

Reviewer \#2: The authors have made some major revisions to their manuscript which I think improve the overall product. At the same time, I still think their conclusions go well beyond the bounds of their research design in places and could be further qualified. I have specific feedback below:

Point 2. The authors make a valiant effort to discuss and resolve the tension between the role of learning theory in attachment and attachment as an innate biological system. I personally think there is a distinction between the processes of the attachment system, which seem to be innate, and attachment styles that are likely (at least partly) shaped by learning. It may be worthwhile to differentiate their discussion in this way, as they have started in their added text, to some degree. Attachment theorists often propose a model akin to learning theory to explain the development of anxious, avoidant or secure attachment styles, while at the same time noting Bowlby's regard for attachment processes (meaning proximity seeking, secure base, etc.) as primary needs. Researchers often discuss, for instance, that secondary attachment styles are still ways to maintain attachment (e.g., proximity to caregiver) in non-ideal contexts (e.g., parent is rejecting of attachment needs). Delineating what is/can be learned may be more innate is an important discussion for this paper.

3\. I still feel like these phrases are too much for the research method to support. There may quite a bit different about interacting with a real attachment figure during a critical timepoint in life that makes a lower percentage of contingent care necessary, for instance. I would advice deleting this claim, and all others like it. The authors show a proof of concept, which is interesting, but I would not try to push for the idea that we are really seeing attachment-like processes unfolding. The data don\'t seem to support that either (see 4).

4\. The authors now note that their lack of a significant finding of a correlation between trust in a "novel caregiver" and trust in the mother may be due to reduced power. However, the effect size is simply extremely small in the case of study 2. Even if this were significant, given the author's claims that they are measuring attachment processes is problematic when there is such a small relationship between these measures. I would omit the mention of reduced power being the fault and more clearly state that these data may argue against the same process being measured in both instances.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

6 Nov 2019

Additional Editor Comments:

Please also carefully review the percentage of contingencies through the sections on Study 3. There seem to be inaccuracies in 50 vs. 70 vs. 100 compared to the test contingencies of 20 vs. 80. vs. 100.

We are grateful that you noticed this error and changed this in the results section of Study 3.

Reviewer \#1:

Overall I think this is a very important contribution to the attachment literature. Attachment theory needs to be integrated with learning theory. Whereas Bowlby created a compelling overall model of attachment and how it develops, given the paucity of data on neurobiology at the time it inadequately addresses the fundamental mechanisms underlying attachment learning. Although one may argue that the underlying mechanism of attachment is an innate behavioral system, and therefore no standard learning mechanisms can explain attachment dynamics, I believe this is a fundamental error in both reading Bowlby and for the future of attachment theory writ large. Bowlby argues for a goal corrected behavioral system. This implies learning. The mechanisms he uses to explain such learning are based in a perspective of homeostasis that no longer comports with our understanding of physiological regulation. It is clear that learning processes are subserved by general purpose neural systems that function in a manner well characterized by learning theory, and that those systems are critical for the regulation of physiological and psychological needs. Bowlby was working in a time when behaviorists were too narrow minded about the breadth of basic rewards and punishments. They completely ignored the possibility that social contact was a very real need in the same vein as food and water. Moreover, their blank slate view of all animals was unsustainable. As such theorists like Bowlby filled that vacuum with models that did not rely on learning theory based mechanisms. Unfortunately for the field it has taken far too long to reconcile and integrate Bowlby\'s critical contributions with those of the behaviorists and cognitive learning theorists that followed. This is an important step in that direction and I applaud the authors for their creativity and boldness in furthering this integration.

We were very grateful for these words of praise, as they express exactly what we hoped to achieve through this study.

Reviewer \#2:

The authors have made some major revisions to their manuscript which I think improve the overall product. At the same time, I still think their conclusions go well beyond the bounds of their research design in places and could be further qualified. I have specific feedback below:

We are happy that the reviewer deems our changes in line with the majority of his/her prior requests. We agree that the additional suggestions indeed were necessary to allow readers to more adequately evaluate the contribution of the studies to the literature.

Point 2. The authors make a valiant effort to discuss and resolve the tension between the role of learning theory in attachment and attachment as an innate biological system. I personally think there is a distinction between the processes of the attachment system, which seem to be innate, and attachment styles that are likely (at least partly) shaped by learning. It may be worthwhile to differentiate their discussion in this way, as they have started in their added text, to some degree. Attachment theorists often propose a model akin to learning theory to explain the development of anxious, avoidant or secure attachment styles, while at the same time noting Bowlby's regard for attachment processes (meaning proximity seeking, secure base, etc.) as primary needs. Researchers often discuss, for instance, that secondary attachment styles are still ways to maintain attachment (e.g., proximity to caregiver) in non-ideal contexts (e.g., parent is rejecting of attachment needs). Delineating what is/can be learned may be more innate is an important discussion for this paper.

We are grateful that the reviewer was in agreement with the main points of the adjustment we made in response to the prior request. We do agree that the added suggestions are in line with the message that we wanted to communicate, so we adjusted these parts of the introduction so they would be more explicit in making the point that above an innate system the development of different attachment styles might reflect at least partly learning processes. We adjusted this part as follows (we underlined the changes we made):

\"More recently, researchers started to argue that this biological preparedness of infants to establish attachment relationships with caregivers does not fully explain why individual differences in children\'s expectations or trust about caregivers\' availability for support develop \[8\]. One thus far understudied possibility could be that learning models might be a helpful addition to attachment theory to explain attachment-related differences that are not innate \[19\], such as secondary (anxious, avoidant, and secure) attachment styles (Mikulincer & Shaver, 2017). Recent literature argues in a similar way that adult attachment development reflects a conditioning process \[20-22\]. Focusing on childhood attachment, Bosmans \[23\] proposed that children learn to trust (CR) in a responsive primary caregiver like the mother (CS) when the mother gets associated with the repeated experience that she provides successful support during distress (UCS), which is automatically followed by a sense of relief and a sense of security (UCR). At the level of operant conditioning, it has been proposed that trust versus lack of trust in support during distress (Sd) increases or decreases the likelihood that children will seek support (R) during distress. More versus less support seeking is respectively reinforced by the fact that sensitive caregivers help to solve problems more easily or by the fact children avoid experiencing the anticipated negative effects of rejection or inadequate support \[23\]. In sum, the current study builds on the idea that the processes of the attachment system are innate, but that attachment styles are (at least partly) shaped by learning.\"

3\. I still feel like these phrases are too much for the research method to support. There may quite a bit different about interacting with a real attachment figure during a critical timepoint in life that makes a lower percentage of contingent care necessary, for instance. I would advice deleting this claim, and all others like it. The authors show a proof of concept, which is interesting, but I would not try to push for the idea that we are really seeing attachment-like processes unfolding. The data don\'t seem to support tat either (see 4).

We agree that we could be even more cautious in positioning the studies within the broader area of attachment research and in interpreting the findings. Therefore, from the introduction onwards, we introduce the current studies as testing a proof of concept explaining why we opted to use this paradigm (focusing on a novel attachment figure and specifically on help provided by this figure). In the results sections, we avoided using language that suggests that we can extend our interpretations beyond what we found with this paradigm. Finally, in the discussion, we more carefully point again at the fact that this is a proof of concept study and that real-life attachment interactions might show different dynamics. Now we only make the point that the findings suggest that it could be useful to study contingency-related dynamics in attachment-relevant interactions with real attachment figures.

In the introduction, we now wrote:

(p6): \"The current study aimed to provide proof of concept for the idea that contingency could explain part of the variance in the development of trust (Research Question 1) and in the development of support seeking (Research Question 2) and for the idea that questions regarding the definition of good enough mothering and regarding the dynamics of (in)stability of trust over time can in theory be explained by contingency-related effects (Research Question 3).\"

(p7): \" Although this approach will not straightforwardly translate to the complex interactions with a real attachment figure during critical timepoints in individuals\' lives, the approach has the advantage that we can identify the role of contingency controlling for the impact of prior learning experiences with those real attachment figures. This way, we can experimentally test whether differences in contingency affect trust and test how changes in contingency from the learning to the test phase are linked to changes in trust. Finally, we can measure participants' inclination to seek the caregiver's help during the test phase, as a proxy of participants' support seeking behavior.\"

In the results section of Study 1 we now wrote:

(p. 13): \"This suggests in adult participants that initial contingency effects had a lasting influence in trust development, even after exposure to a novel, improved experience.\"

In the results section of Study 2 we now wrote:

(p. 16): \" Like in Study 1, this suggests that trust development depended on the contingency of success in provided care and that trust development in the current paradigm required more than 70% contingent caregivers.\"

(p. 19): \" Like in Study 1, this suggests that improving contingency increased trust, but that prior less contingent care experiences delayed this catch-up.\"

In the introduction to study 3 we removed the sentence that we were looking for an indication of how much contingency is needed to receive good enough mother. The sentences now are written as follows:

(p. 20): \" Moreover, Study 2 did not reveal which percentage of contingency suffices to increase trust levels compared to baseline. Therefore, we included an 80% instead of a 70% contingent condition, to test whether 80% contingency suffices to significantly increase trust.\"

In the results section of Study 3 we now wrote:

(p. 21): \" So, this suggests for the current experimental procedure that contingency needs to be at least 80% to be good enough for trust in the novel caregiver to increase.\"

(p.24): \" This again seems to suggest that trust caught up after exposure to more positive experiences, but that more negative prior learning experiences persistently reduced trust levels.\"

(p.24): \" These results suggest that negative care-related experiences in our experiment outweighed prior positive learning experiences.\"

In the general discussion, we now wrote:

(p. 26) \" Results were largely in line with the predictions, providing first proof of concept that trust development might be studied from a conditioning perspective. Moreover, at a more detailed level, results suggested that more experimental research on the effects of contingency on trust development could provide new insights in the developmental dynamics underlying trust-related fluctuations, and eventually regarding the development of attachment.\"

(p. 26): \" This finding is in line with the existing broadband research showing that more sensitive and responsive parenting is linked with elevated levels of trust in parental support \[5\], but adds to this research because it provides proof of concept that contingency could at least partly explain the causal mechanism underlying this link and because it suggests that it might be important to account for the relative contribution of single learning experiences across trust development. \"

(p 28): \" The current proof of concept results suggest that studying contingency effects on trust development might be especially interesting to investigate the effect of changes in the quality of care over time. So far, such research could only be conducted in so-called naturalistic experiments like adoption \[39\]. However, adoption remains rare and the impact of adoption is hard to distinguish from other factors related to child characteristics, pre-adoption experiences, and post-adoption experiences. Like in adoption research, the current findings obtained with our paradigm do suggest substantial catch-up in trust development and support seeking if adverse learning circumstances are followed by more beneficial circumstances \[40\]. The results also suggest that the initial learning effects continued to have an effect even after a more positive learning experience. This raises the hypothesis that prior more negative experiences have a lasting negative impact on trust. Instead, more positive learning experiences seemed quite sensitive to negative changes in the quality of the caregiver\'s response. Interestingly, these changes seemed to have had a stronger effect at the level of expectations than at the level of behavior. Real life attachment research could test whether, indeed, children are inclined to continue seeking support in spite of a drop of trust. This illustrates how our hypothesis and paradigms like the one we used in the current studies to yield proof of concept could lead to novel developmental hypotheses that can be tested more directly with more naturalistic research paradigms. \"

(p. 29-30): \" In spite of these limitations, the current findings are theoretically relevant. In three studies, we found evidence that trust development, and related support-seeking behavior, might be understood from learning theories regarding classical and operant conditioning. More specifically, results suggest that trust might develop as an expectancy-learning process with contingency (likelihood that help is successful) as a fundamental mechanism explaining differences in trust and support seeking. This finding is in line with the increasing awareness that trust development underlies a cognitive learning process resulting in the development of a secure base script \[9\]. This insight could help improve theory about trust development and could help shape interventions aimed at restoring trust in order to remedy the development of emotional and behavioral problems. Through this approach, we might be able to identify for individual children the level of contingency they need to increase their trust in the availability of their caregiver. With such information, it becomes possible to design interventions that promote trust development. For example, we could start creating the circumstances in which contingency of the caregiver is more guaranteed.\"

4\. The authors now note that their lack of a significant finding of a correlation between trust in a "novel caregiver" and trust in the mother may be due to reduced power. However, the effect size is simply extremely small in the case of study 2. Even if this were significant, given the author's claims that they are measuring attachment processes is problematic when there is such a small relationship between these measures. I would omit the mention of reduced power being the fault and more clearly state that these data may argue against the same process being measured in both instances.

In line with this request, we omitted the discussion of power, emphasized more the small effect sizes we found, and added the suggested message that interpretation of the current studies\' results require caution.

(p. 27): \" However, we need to stay cautious interpreting this correlation, because the effect size in Study 3 was small and because the effect could not be fully replicated in Study 2. So, it is not unlikely that we have not measured exactly the same process as it occurs in real-life attachment relationships. Nevertheless, the robustness of the majority of our findings suggests that more research and similar research with more ecologically valid designs might be critical to further advance attachment theory. \"
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